Polymeric nanocomposites possess improved physicomechanical properties compared with the properties of unfi lled elastomers, and also elastomers fi lled with traditional fi llers, such as colloidal silica and carbon black. For example, the increase in the moduli and in the tensile strength when 10 wt.% montmorillonite treated with an organic cation is introduced into natural rubber is equivalent to the introduction of 40 wt.% carbon black [1] and is appreciably higher than these properties for silica with the same degree of fi lling [2] . A strong increase in strength properties is observed when modifi ed layered silicates are introduced into elastomeric composites fi lled with carbon black [3] . In a mill-produced nanocomposite based on natural rubber and modifi ed with montmorillonite, with increase in the content of organic clay to 4 wt.% the tensile strength increases from 14 to 25 MPa. At the same time there is a marked increase in the breaking elongation (from 993 to 1098%) [4] . Retention of high elastic properties was observed for a number of nanocomposites with layered silicates based on thermoplastics, in particular based on polyamide-12; here, along with a considerable increase in density, with low degrees of fi lling, high values of impact strength, which decreases when traditional fi llers are introduced, are retained [5] . This effect is attributed [5] to the special orientation of silicate layers and polymer lamellae with the formation of a secondary structure under strain. The model proposed by Kim et al. [5] of the orientation of silicate layers under strain is shown in Figure 1 . The stacks of silicate nanolayers are positioned at different angles in relation to the active load. Depending on the size of the angle, the stacks may separate (see Figure 1(a) ), open up (see Figure 1(b) ), or slide in relation to each other (see Figure 1(c) ). The same effect can be expected in the case of natural rubber, which is capable of crystallisation under strain, and also in the case of other polymers.
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MECHANICAL PROPERTIES OF NANOCOMPOSITES
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The production of elastomeric composites at the latex stage makes it possible to exclude the stage of modifi cation of the layered silicates with organic cations. Composites based on natural latex [6] or butadiene-acrylonitrile latex [7] possess better mechanical properties compared with normal fi llers. Electron micrographs confi rm the homogeneous distribution of particles in the polymer matrix. It can be assumed that a certain infl uence on the mixing process is rendered by protein contained in the natural latex, and also by the zinc diethyldithiocarbamate contained in the vulcanising group. In the case of butadiene-acrylonitrile latex, a key role in the process of interaction of the polymer with the fi ller can be played by positively charged nitrogen-containing groups in the polymer macromolecule.
Montmorillonite has been successfully used [8] to reinforce blends of butadiene-acrylonitrile and butadiene-styrene rubbers. It was shown that a layered fi ller improves considerably the compatibility of the rubbers. By means of transmission elecron microscopy it was demonstrated that, up to a degree of fi lling of 20 parts, homogenisation of the blend is observed, and the tensile strength and bending strength of the nanocomposite increase by a factor of 2-5. Against a background of strength properties, the breaking elongation also increases. When large amounts of fi ller are added, the strength of the composite decreases slightly, which seems to be caused by aggregation of the silicate particles. As in the case of mixing with butadiene-acrylonitrile latex [7] , the reinforcing effect is probably caused by specifi c interaction with the surface of the fi ller of positively charged nitrogencontaining groups. The reinforcing effect is higher in the case of pure BNK, while the maximum reinforcing effect is observed in the case of a blend containing 25 wt.% butadiene-styrene rubber.
INFLUENCE OF LAYERED SILICATES ON THE KINETICS OF VULCANISATION
It was found [1] that the introduction into a rubber mix based on natural rubber of montmorillonite modifi ed with octadecylammonium leads to a marked reduction in the optimum vulcanisation time. Such a strong effect was not observed in the case of the introduction of unmodifi ed clay; this is attributed [1] to the presence of ammonium groups of organic cations on the surface of the layered silicates. The same effect was observed when organic clay was introduced into epoxidised natural rubber, with the use of bentonite modifi ed with octadecylammonium and methylalkyldi(2-hydroxyethyl)ammonium salts [2] .
The introduction into the rubber mix of untreated montmorillonite shortens appreciably the time of the start of vulcanisation, its rate, and also the optimum vulcanisation time in BNK-BSK blends when 1,3-di(isopropyl)benzylperoxide is used [8] . In the case of a peroxide vulcanising group, the accelerating effect may be due to the presence of hydroxyl groups on the surface of the layered silicate.
DYNAMIC PROPERTIES OF NANOCOMPOSITES
When nanocomposites are produced on the basis of layered silicates, there is a strong change in the viscoplastic and rheological properties of composites based on isoprene rubber [9] and a number of thermoplastics. Increase in the dynamic modulus and modulus of dynamic losses tg δ is due to exfoliation of the layered silicates in the polymer matrix. The formation of a large number of strongly anisotropic particles of nanometric thickness leads to the emergence of a developed phase boundary which has a considerable infl uence on the dynamic properties of the composites. Furthermore, a percolation network of the fi ller can arise, i.e. an infi nite cluster leading to non-linear viscoplastic behaviour. Increase in the dynamic moduli is especially marked in the region of low frequencies (ν < 1 Hz) and exceeds the index for the pure polymer by six orders of magnitude in the case of polyisoprene, and by three orders of magnitude in the case of a graft copolymer of ethylene with maleic anhydride [10] . With degrees of fi lling of 3-5 vol.%, a transition is observed from liquid-like behaviour of the frequency dependence of the dynamic modulus to a solid-like behaviour not dependent on frequency. The hypothesis concerning the formation of a strong secondary structure of the layered fi ller is confi rmed by investigation of the dependence of the modulus on vibrations of low amplitude, carried out on specimens subjected beforehand to vibrational shifts of large amplitude. In composites in which no exfoliation occurs, after orientation in the direction of the active stress, reduction in the dynamic modulus occurs even in spite of the existence of strong interaction of the polymer with the modifi ed layered silicate. When conditions are created for exfoliation of the layered silicates in the polymer matrix, there is hardly any fall in the dynamic modulus, which is connected with the formation in the nanocomposite of an inorganic network or a percolation cluster with low degrees of fi lling.
The temperature dependences of the dynamic modulus and tg δ of the nanocomposites based on natural rubber with layered silicates introduced at the latex stage were studied [6] . It was shown that, at a temperature below the glass transition temperature (-70°C), the modulus of a nanocomposite containing 10 parts Na-bentonite increases by 450%. The maximum on the curve of the temperature dependence of the modulus of dynamic losses decreases appreciably, which indicates considerable adhesion between the polymer and the layered silicate. In the temperature range 20-100°C a broad region of relaxation is observed, possibly connected with slip of the intercalated silicate layers.
A similar effect of organic clay on the dynamic properties of partially epoxidised natural rubber was found in [2] . On the curve of the dependence of tg δ in the region of the glass transition temperature, the T/37 appearance of additional peaks and/or a shoulder of the main peak of phase transition was observed. In the opinion of Varghese et al., this fact confi rms that at least some of the macromolecules have limited mobility owing to physical adsorption on the surface of the layered silicate, which can additionally indicate exfoliation of particles of the layered silicate in the polymer matrix.
It was shown [11] that improvement in the dynamic properties, and also increase in the abrasion resistance, is observed in carbon black fi lled composites based on natural rubber when small amounts of modifi ed layered silicates are introduced.
BARRIER PROPERTIES AND HEAT RESISTANCE
Nanocomposites based on layered silicates exhibit a number of valuable properties even at an extremely low content in the composite. The dimensions of the platelets of natural or artifi cial clay mineral can amount to ~0.1 μm, whereas the thickness of a single layer is equal to ~1-2 nm. In this case, when conditions of separation of neighbouring layers in the nanocomposite are ensured, a complex structure of oriented platelets of inorganic fi ller with a large specifi c surface arises, which ensures unique gas barrier properties, resistance to atomic oxygen and to the action of solvents, increased heat resistance, and a number of other properties. Owing to the developed structure of the mineral fi ller, the diffusion of gases, solvents, and combustion products slows down. it was shown that, in air or in the process of combustion, the weight loss of nanocomposites based on a copolymer of ethylene with vinyl acetate [12] or polydimethylsiloxane (PDMS) [13] is much lower than in the case of pure polymers. In the polymer, the process of formation of carbon particles and their stabilisation in the presence of layered silicates is intense. The carbon formed additionally prevents the access of oxygen and inhibits combustion [12] . The maximum fi reproofi ng action in the case of composites based on a copolymer of ethylene with vinyl acetate begins with 5% fi lling; further increase in the amount of fi ller leads to a reduction in heat resistance. With the action of atomic oxygen (oxygen plasma) on exfoliated composite materials based on polyamides and epoxy polymers fi lled with 1-7.5% organic clay, self-passivation of the nanocomposites is observed [14] . By means of X-ray electron spectroscopy and IR spectroscopy it was shown that, through selective burning out of macromolecules, surface layers extending several hundreds of nanometres are enriched with inorganic component, which protects the composite against breakdown during plasma treatment.
Because of the high diameter/thickness ratio, thermal expansion and compression of the polymer molecules are considerably limited. It was shown [15] that, with the introduction of 3 wt.% organic clay into polyimide composites, there is an increase in the heat resistance and a reduction in the coeffi cient of thermal expansion (by 23%).
W h e n m o n t m o r i l l o n i t e t r e a t e d w i t h dialkyldimethylammonium is introduced into polydimethylsiloxane, there is a strong reduction in swelling in toluene by comparison with polydimethylsiloxane fi lled with carbon black [13] . This effect appears with a degree of fi lling of only 1 vol.% and is connected with the reinforcing capacity of the fi ller. In the case of composites based on natural rubber fi lled with 10 parts layered fl uorohectorite, swelling in toluene decreases by 95% by comparison with the initial rubber. Furthermore, the nanocomposite produced at the latex stage exhibits increased heat resistance [6] .
According to data of [16] , in nanocomposites based on organomontmorillonite and ethylene-propylenediene elastomer, the nitrogen permeability decreases by 30% by comparison with the initial polymer. The use of layered silicates modifi ed with organic cations makes it possible to lower considerably the gas permeability of composites based on butyl rubber. This makes the replacement of the halogenated butyl rubbers or copolymers of isomonoolefi n and p-alkylstyrene that are normally used in the production of the inner liner of tubeless tyres with cheaper butyl rubber, and also with general-purpose rubbers in the production of inner tubes, a promising prospect [17] . The introduction of organic clay increases by tens of factors the ability to hold air in the inner tube of the tyre, while the vulcanisate, with only small degrees of fi lling, exhibits increased wear resistance [17] .
CONCLUSIONS
At present, the number of investigations connected with the creation of nanocomposites based on elastomers with layered silicates and with the study of their properties is ever increasing but still insignifi cant in comparison with the total number of studies on polymer-silicate nanocomposites. The effects that layered silicates give to composites based on elastomers are not as clear cut as in the case of composites based on polyamides. At the same time it is possible, using different approaches to the synthesis of nanocomposites, to produce elastomeric nanocomposites based on layered silicates that have properties not inferior to those of composites with carbon black and silica fi llers. The specifi c structure of the layered silicates makes it possible to give the elastomers properties, and also a combination of properties, that are impossible in the case of the use of normal microfi llers. The low fi ller content in the polymer, with which, in the favourable case, the necessary physicomechanical properties are achieved, makes it attractive for use in elastomer technology from the economic viewpoint.
Furthermore, of no little importance is the transparency of the material produced. The possibility of using traditional technologies, the availability of the feedstock base, the relative simplicity of production of the fi ller, its low dusting, and also the possibility of fi nding new properties in composites based on it makes the direction of using layered silicates in elastomer production technology attractive.
